Abstract-In this paper, we propose a novel acoustic localization system based on fingerprinting technique. It deploys the Time Of Arrival of CDMA signals emitted by speakers to locate a microphone. The system is inspired from our earlier proposed scheme [1] which deploys the lateration method. Here, we adopt the fingerprinting technique since it is more applicable to indoor environments. The position estimation is accomplished through nonparametric kernel regression. Performance are evaluated by experiments, performed in a hall of interns in National School of Engineers of Le Mans. Results have shown that our proposed scheme provides an accuracy of 8.5 cm within 80% precision.
I. INTRODUCTION
Indoor positioning is an important technique due to its useful and various applications, such as, tracking the doctors and patients in hospitals and museum tour-guide.
The localization technique could be mainly classified into two categories: triangulation and fingerprinting technique.
Triangulation combines angulation and lateration. In the case of the angulation, the position of an object is estimated by measuring the angle to it from at least two known locations. For the lateration method, the position is estimated by measuring its distances from at least three references of known locations. Both angulation and lateration need the line of sight between the transmitter and the receiver. However, this assumption is not always available in indoor environments because of the presence of obstacles.
Fingerprinting technique is widely suitable for indoor localization. It includes two phases. First, a set of sampling locations is selected in the target environment, then, a locationdependent signal parameters is measured at each location. Second, the target position is estimated by comparing its signature with the previously built database through pattern matching algorithms.
The most widely used localization system is the Global Positioning System (GPS). Although, it allows good performance in outdoor environment, it cannot be deployed in indoor 978-1-4673-1954-6/12/$31.00 2012 IEEE environment. For indoors, several researches have been carried out and many location systems have been proposed. Based on the type of the emitted signal, indoor systems can be classified into Infrared-based positioning system, Radiofrequency and Ultrasonic systems.
• Infrared Positioning system The IR-based positioning systems are the most common positioning systems due to the availability of IR technology. An IR positioning system requires line-of-sight communication between emitters and receivers and provides accurate positioning estimations. An example of an IR-based indoor location system is the Active Badge system. An active badge, attached to a person, emits a unique IR signal every 15 seconds [3] . Sensors are fixed in each located place to detect the emitted signal and forward the location information to a central server, in order to locate the active badge. The IRbased Positioning system has a simple architecture. Therefore, it requires no much time for its installation or maintenance. However, the IR signals are sensitive to interference from florescent light and sunlight [2] . A solution of such problem is to use optical and electronic filters [4] and to implement noise cancelling algorithm at the receivers [2] , which raise the system cost. Moreover, the IR-based Positioning system hardware is expensive.
• Radio Frequency Positioning Systems The radio frequency positioning systems allow a large coverage area due to the ability of radio waves to pass through walls. The systems mainly use triangulation and fingerprinting techniques and employ the existing RF infrastructures like the WLAN. The RFID positioning system includes the RFID tags and RFID reader. We distinguish two types of tags: passive and active tags [9] - [10] . A passive tag is a receiver without battery. It's small and cheap. An active tag is a small transceiver. It's more expensive and supports higher range. The RFID reader determines, among different levels, the level of the received power. Based on the RSS data, the RFID systems estimate an object position with a low accuracy.
• US Systems The active Bat system [5] allows 3-D position of a tag carried by a person using the UltraSonic technology. The tag emits periodically a short pulse of ultrasound. Its distances from at least 3 receivers, fixed on the ceiling, are measured. Then, the tag position is calculated based on multilateration technique [6] . In the cricket system [7] - [8] , emitters of known positions emit RF and US signals. A receiver mounted on the object to be located measures the TOA of US signals and uses the triangulation technique to estimate its position. RF signals are transmitted for synchronization of TOA measurement. Similarly to GPS, the Dolphin system deploys DS-CDMA method to obtain simultaneous distance measurements. The multilateration technique is adopted for the position estimation using Time of Flight measurement. Two systems have been proposed depending on whether the object to be localized is the emitter or the receiver. The accuracy of the polled and centralized system (the system where the object is the emitter) is about 2 cm, while, the privacy-oriented location system gives an accuracy of 4.9 cm for synchronous case and an accuracy of 26.6 cm for asynchronous case.
Our earlier proposed scheme [1] is similar to the Dolphin system, except that it adopts trilateration instead of multilateration. Given four tweeters, two methods of selecting available distance measurements have been proposed to locate a microphone.
• Method 1 The method 1 utilizes each set of three measured distance to estimate the position. The location estimate corresponds to the center point of the four estimates.
• Method 2 The method 2 eliminates the least reliable distance corresponding to the smallest correlation peak and uses only the three most reliable measured distances for the position estimate. The system has 2 cm accuracy.
In this paper, we propose a novel localization system that deploys three tweeters and that is more suitable to indoor environment. It is based on fingerprinting technique and utilizes the local linear estimator as a matching algorithm. The system is privacy-oriented and can utilize cheap equipment.
The rest of paper is organized as follows. In section II, a description of the proposed localized system is provided. The measurement system and setup are presented in section III. Section IV gives the results and discussion. Finally, we conclude the paper and point out future directions in section V.
II. PROPOSED LOCATION SYSTEM
One possible scenario of the proposed system is given as follows:
• An object wishing to estimate its position send a request to a server, • The tweeters emit, then, known acoustic signals, • The object records the received signal and treats it to get its location. In this paper, we focus on the processing phase that gives the estimate position.
A. Distance measurement
The proposed location system deploys DS-CDMA signals to locate a microphone. The acoustic signals were chosen due to their low velocity. The spread spectrum technique is used because it has several advantages. First, the technique is resistant to narrow-band interference. Second, the spread spectrum sequences have a low cross-correlation value, which, allows multiple devices to broadcast in the same frequency range. Third, they have good auto-correlation properties enabling code synchronization. Therefore, these codes allow accurate and simultaneous time measurement. The m-sequences and the orthogonal codes are not suitable to our system. In fact, The m-sequences are not generated in a large number and the orthogonal codes are used when times of arrivals of the signal to the receiver are the same. Gold codes were selected thanks to their advantage in generating large numbers of codes and their good autocorrelation and cross-correlation properties. Three tweeters, identified each by a unique code, are deployed. The BPSK modulated signals are emitted simultaneously and the microphone receives the aggregate data signal. The received signal is correlated with the tweeters' codes. The time of the peak correlation value for each correlation code, expressed in terms of sampling periods L, is selected. It gives an estimate of the Time of arrival of signal between the microphone and the corresponding speaker. Hence, the measured distances are deduced from the following formula:
where
• v sound : is the velocity of the sound and • f sampling : is the sampling frequency. The three measured distances are concatenated to form the signature of the microphone location. Note that the times of arrivals of the signal to the microphone can also form the signature.
B. Local linear estimator
Let number of fingerprint locations be L, s the fingerprint of the object to be localized and s l the fingerprints at positions c l (l = 1, , L).
Based on the previous data, we aim to estimate the object position c. This means the conditional expectationc = E(c|s), denoted by m(s), and defined as
where f (c, s) is the joint probability density function.
To explain the principle of the local linear estimator, we consider the first order Taylor expansion of the unknown conditional expectation m(.):
for t in a neighborhood of a point x. The minimization problem is expressed as:
Where β = (β 0 , β 1 ) T the coefficients vector and K H (s i − s) the kernel weight that realize the neighborhood and is defined as:
The function K is the kernel function and the matrix H is known as the bandwidth matrix. The solution of (4) is, then, a weighted least squares estimator given by:
Where
And
Therefore, the local linear estimator of the position c is:
The shape and orientation of the kernel function K is controlled by the bandwidth matrix H. In this paper, we adopt the Gaussian kernel function:
The value of K(y − z) is larger when y is closer to z. We use the multivariate generalization of the Scott's Rule of Thumb for bandwidth selection that derives the matrix H as [12] :
Where Co is the sample covariance matrix of the fingerprint vectors s 1 , s 2 , ...., s L . Note that this rule takes into account the statistical dependence between the signature vector elements. The position estimatec given by the local linear estimator (10) can be equivalently written as [11] :
Using the notations
Note that S 1 and T 1 are N -variate vectors and S 2 is N * N matrix.
III. MEASUREMENT SYSTEM AND SETUP

A. Testbed
Our testbed was located on the hall of interns in National School of Engineers of Le Mans. The hall, shown in figure  (1) , consists of computer areas, desks and different materials Figure ( 2) shows the effective area where we perform the experiment. It measures 1.5 m*1.5 m*0.75m. The experiment setup can be shown in figure (3) . Unlike the testbed built in our earlier proposed localization scheme [1] , no arrangement has been taken, here, to reduce the effects of reflections and exterior influences. Therefore, the proposed system is more suitable to indoor environment. Recalling that in [1] , the testbed was encircled with curtain. The ceiling was covered with a material of low reflectivity and the floor was covered with carpet. As [1] , the system can locate simultaneously more than one microphone.
B. Material
The hardware system is composed of a pc, a signal acquisition module, an amplifier, three tweeters and one microphone. The signal acquisition module deploys three uniform output channels to broadcast the three signals produced by the pc, and, one uniform input channel to record the aggregate signal received by the microphone. Lab view is utilized to perform the data acquisition between the pc and the signal acquisition module. 
IV. RESULTS
Performance of the proposed method are evaluated in terms of accuracy and precision. Accuracy is defined as the highest tolerated error and the precision is the ratio of the measurements with errors equal to or less than the accuracy. The system variables are fixed to:
• 51200Hz for sampling frequency, • 3000Hz for carrier and chip frequency, • 127bits for length of Gold code sequence. For the off-line phase, we collect the signatures of 25 sampling locations separated by 30cm. For the on-line phase, we collect another set of signatures in 29 positions, randomly distributed in the effective area. Localization was attempted several times at each position. In figure (4) , the percentage of realizations was depicted as a function of the location estimation accuracy. The proposed system provides accuracy about 8.5 cm almost 80% of time. The mean error location computed for all positions is about 6.5 cm. This value is achieved within 68.5% precision.
If we compare the described system to our earlier proposed system [1] , it is seen that the earlier proposed system [1] gives an accuracy of 2 cm within 99% precision, while the proposed system provides 8.5 cm accuracy within 80% precision. However, it is worth mentioning that in [1] several arrangements have been considered, in the test-bed, to assure reducing the effects of exterior influences and multipath disturbances due to the reflections. Here, the test-bed is a part of a hall full of different types of material, desks, computers, and it was not modified in order to evaluate the performance of our system. In this paper, we have proposed a novel acoustic localization system based on fingerprinting technique. The Time Of Arrival of CDMA signals emitted by speakers are deployed to locate a microphone. The system is more suitable to indoor environment than that described in [1] . Compared to systems employing Ultrasonic waves or Infrared signals, it is seen that these systems usually provide a better ranging accuracy than those based on audible sound. However, for the IR-based systems the required equipments are expensive. For the US systems, a dedicated infrastructure is needed. The advantage of the audible positioning systems is that nowadays, various mobile devices are equipped with speaker and microphone. Therefore, users can utilize their devices in an audible sound positioning system to estimate their positions.
We suggest several future directions based on this work. First, we aim to evaluate the performance of the system in an extended test-bed. Second, we would like to study the performance of the method when the effective area contains different voice sources. Third, our work in this paper has been limited to the localization in 2D coordinate system. We would want to extend the work to 3D coordinate system.
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